Transglutaminase (TGase) was produced by a locally isolated Streptomyces sp. strain using solid fermentation with wheat bran as substrate. The highest product yield was obtained with 70% moisture content; 15% inoculum size (volume per mass) and incubation period of 6 days. Among different carbon sources, starch (4%) resulted in maximum enzyme production followed by glycerol and glucose. The best nitrogen source was peptone (3%) followed by yeast extract. The highest TGase activity was observed at 45 °C and pH 6.5 with a good activity in the range of 6-7.5. The enzyme was stable at 40 to 45°C. It was found to be highly stable within the range of 5-8.5 pH values.
INTRODUCTION
Transglutaminase (protein-glutamine: γ-glutamyltransferase, EC, 2.3.2.13) is an enzyme catalyses an acyl transfer reaction using peptide-bond glutamine residues as acyl donors and several primary amines as acceptors.
When the ε-amino groups of the protein-bonded lysyl residues are present as acyl receptors, this enzyme is capable of forming intra and intermolecular ε-(γ-Glu)-Many researchers have exploited various agricultural wastes for solid state fermentation. In majority of the cases, wheat bran has been the preferred choice of substrate for the production of extracellular enzymes (Anto et al., 2006; Martin et al., 2004; Singh et al., 2010) . Very few studies were existed concerning the production of TGase by solid substrate fermentation.
The aim of this work was to study TGase production by a locally isolated Streptomyces strain grown on wheat bran using solid-substrate fermentation. Some properties of the produced enzyme were studied.
Materials and Mathods

Isolation and maintenance of Streptomyces sp.:
Five grams of a soil sample (collected from Mosul region) were suspended in 100 mL of sterilized water and shakened at 100 rpm for 10 minutes. After soil sedimentation, one mL of the supernatant was diluted to
10
-4 then one mL was transferred to a Petri dish containing Malt extract agar medium (composed of: malt extract 30 g/L, peptone 3 g/L, agar 1.5 g/L (Champluvier et al., 1988) . The plates were incubated at 30ºC for 7 days. Powdery-surfaced, leathery colonies with concentric rings were recognized as Streptomyces strains. These colonies were picked and purified by restreaking on the same agar medium. Purified cultures were grown on slant medium at 30ºC for 7 days. Cells were harvested from slants and suspended in 5-ml sterile water. The concentration of inoculum suspension was adjusted to correspond absorbance of 1.0 at 660 nm. (Song et al., 1984) .
Screening of isolates for TGase production: 1 mL of the cells suspension was transferred to 100 mL Erlenmeyer flask containing 20 mL of liquid medium composed of (g/L): Glucose, 10; yeast extract, 2.5; peptone, 10.5; MgSO 4 , 0.5; KH 2 PO 4 , 2 and Na 2 HPO 4 , 5.
The pH was adjusted to 7 using potassium phosphate buffer (Téllez-Luis et al., 2004) . Cultivation was conducted in a shaker incubator at 30ºC and 100 rpm for 3 days. The fermentation medium was then centrifuged (5000 × g, 10 min.), and the TGase activity was measured in the supernatant. 
Determination of
Extraction of TGase:
At the end of incubation period, 100 mL of sterilized distilled water were added to the fermented culture and the contents were agitated at 100 rpm for 20 minutes in a rotary shaker, then the mixture was squeezed by using a muslin cloth. The extract was centrifuged (5000 × g, 10 min.) and the supernatant was analyzed for transglutaminase activity.
Characterization of TGase:
Optimum temperature for enzyme activity was determined by conducting the assay at different temperatures ranging from 30 to 70ºC.
Effect of pH on transglutaminase activity was studied by assaying the enzyme activity at pH values ranging from 4.0 to 8.5. Thermal stability of the enzyme was determined by incubating the enzyme at various temperatures between 40 to 70ºC, without the substrate, for 1 h. At 10 minutes intervals, the enzyme was assayed at the optimum temperature. pH stability of the enzyme was determined by holding the enzyme at various pH values without the substrate for 1 h (using glycine-HCl, potassium phosphate and glycine-NaOH buffers)
followed by assaying the enzyme at the optimum pH.
Statistical analysis: A completely random design was used in the experiments according to SAS (2001).
Results and Discussion
Effect of initial moisture content: Moisture content is an important factor that influences cells growth and enzyme production in solid substrate fermentations.
Transglutaminase production was found to be related to the availability of water. With the initial moisture content of 40%, TGase yield was 0.23 U/gm. The yield showed gradual increase upon increasing moisture content till 70% (1.34 U/gm). Further increase in moisture content resulted in decreased enzyme production ( Fig. 1) . Non-significant differences (p≤0.05)
were observed in the enzyme production within the moisture content range of 65-75%. This result is consistent with other investigations where it was found that both low and high moisture contents abated the growth and fermentation rates of microorganisms (Anto et al., 2006; Singh et al., 2010; Akhter et al., 2011) .
Water has an impact on physico-chemical properties of the substrate, which in turn affect enzyme production.
So, optimum moisture content is regarded as a critical factor in solid state fermentations. High moisture level decreases porosity, changes wheat bran particle structure, promotes development of stickiness and lowers oxygen transfer, whereas low moisture content causes reduction in the solubility of nutrients of the solid substrate, lower degree of swelling and higher water tension (Anto et al., 2006) . Several workers found differences in optimum moisture content of solid substrate fermentation: 100%
(v/w) for Bacillus subtilis keratinase production using horn meal (Kumar et al., 2008) , 70% (v/w) for lipase by
Bacillus subtilis using ground nut oil cake (Singh et al., 2010) and 60% (v/w) for alkaline protease by
Streptomyces sp. using wheat bran (Lazim et al., 2009 ).
These differences may be due to the difference in microorganisms and the nature of solid substrate.
Effect of inoculum size: Maximum TGase yield was obtained with 15% (volume per mass) inoculum. Further increase or decrease in inoculum concentration resulted in a gradual decrease in the enzyme yield (Fig. 2) .
However, non-significant differences were noticed among the TGase productions that obtained from the used inoculums sizes except for 5% inoculum size treatment. The decrease in enzyme production with inoculum size below the optimum may be due to 
Effect of incubation period: The time of incubation
has an important role in cheaper commercial production of enzymes. A significant increase in enzyme production was detected by the isolate between the second and fourth days of fermentation.
Maximum TGase production (1.55U/gm) was achieved after six days behind which a non-significant drop in the enzyme production was observed (Fig. 3 ).
This might be due to the decrease in microbial growth associated with the depletion of available nutrients, loss of moisture content, production of toxic metabolites and autolysis of the product (Sumantha et al., 2006) . Different fermentation times have been reported by other workers: 72 hr for protease production by Rhisopus sp. (Sumantha et al., 2006) , 96 hr for the production of subtilisin by Bacillus sp. Effect of carbon source: Maximum production of TGase (1.85 U/gm) was achieved by the supplementation of wheat bran medium with 4% starch followed by glycerol(1.73 U/gm), both of which had caused a significant increase (p≤ 0.05) in the enzyme production (Fig. 4) . However, the differences among all added carbon sources were non-significant. Glucose, sucrose and molasses supplementation caused nonsignificant increase in the enzyme production as compared to the control solid medium. Macedo et al. (2007) observed that a mixture of potato starch and glucose was the best carbon source for the production of TGase by Streptomyces sp. in submerged culture.
Several workers had mentioned to starch as a cheap and good carbon source for enzymes production (Singh et al., 2010; Benazir et al., 2011) .
Bars with different letters are significantly different (p≤0.05).
Values are the means of two replicates samples. Previous findings have shown that peptone is a good nitrogen supplement for TGase production by Streptomyces sp. in submerged culture (Macedo et al., 2007) and other enzymes (Kaur et al., 2003; Devi et al., 2008; Akhter et al., 2011) . However, other organic and inorganic nitrogen sources have also been found to enhance various enzymes production (Gidamo, 2009; Benazir et al., 2011) .
Characterization of TGase:
The enzyme activity was found to be remarkably affected by temperature. As shown in Fig. (6) , the enzyme was optimally active at 45°C. A good activity was observed at 50°C above which the activity was sharply decreased due to the denaturation of enzyme molecules. The same optimum temperature was found for Streptomyces lavendulae
TGase (Andou et al., 1993) . 
TGase activity.
On the other hand, it was found to be 50 for Stv.
mobaraense TGase (Prabakaran et al., 2003; CastroBriones et al., 2009) 
and 60°C for Bacillus subtilis
TGase (Suzuki et al., 2000) . Castro-Briones et al. (2009) mentioned that microbial TGase shows activity even during chilling temperatures (under 4°C); this property is used to bind raw pieces of meat under refrigeration to produce restructured meat products.
The enzyme obtained from Streptomyces sp. showed maximum activity at pH 6.5. It possessed a good activity in the range of 6-7.5 (Fig. 7) . However, the activity was retarded in the acidic and alkaline pH values. The same optimum pH was detected for Streptoverticillium baldaccii and Streptomyces hygroscopicus TGases (Negus, 2001; Cui et al., 2007) . A nearby result was obtained for Stv.
mobaraense TGase (Parabakaran et al., 2003) . On the other hand, Actinomadura Sp. and Bacillus subtilis TGases exhibited maximal activity at alkaline pH values (8 and 8.2, respectively) (Hyun-Soo et al., 2000; Suzuki et al., 2000) . Concerning the effect of pH on TGase stability, the enzyme was found to be stable at relatively wide range of pH values (5-8.5) and there was a sharp decrease in stability at pH values lower than 5 where a fast denaturation of the enzyme molecules might take place (Fig. 9) . et al., 1990; Nozawa et al., 2001 ). The effect of pH on the enzymatic activity and stability could be explained by the fact that the protein structure of enzyme molecule is influenced by the alkalinity or acidity of the solution because its various amino acid residues are in different states of ionization (Kouassi et al., 2005) . The pH stability of enzymes is considered an important parameter for determination the conditions that should be available through isolation, purification, handling and storage of the enzyme. The enzyme stability is affected by some factors such as type, source and purity of the enzyme.
Conclusion
Based on the results of the present work, it can be concluded that the locally isolated Streptomyces sp. could be a good source for transglutaminase production in solid fermentation with wheat bran supplemented with starch and peptone. Production conditions were optimized at 70% moisture content, 15% inoculum size and incubation period of 6 days. The enzyme was found to be active and stable at 40 to 45°C and at neutral pH values.
